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Abstract 
This report documents the final product of Jonathon’s new lightweight stroller. The Mechanical 
Engineering team from Cal Poly, High Strollers, began the project to create a lightweight stroller 
for the project sponsor, Nina Aguayo, and her son, Jonathon Aguayo, in Fall of 2018. Jonathon is 
diagnosed with Delayed Brain Development and Hypotonia with some characteristics of 
Cerebral Palsy. He has a 50lb high intensity stroller to go to and from school. Mrs. Aguayo 
needed a stroller that is easier to transport while still meeting all of Jonathon’s needs. The re-
designed stroller will make leisurely outings for Mrs. Aguayo and Jonathon manageable. The 
following document steps through the design process and modifications made to a jogger stroller 
to meet Mrs. Aguayo’s and Jonathon’s needs. Included is background research conducted on 
customer needs, current product research, and technical research. The problem statement 
constructed has been specified in detail along with a boundary diagram and Quality Function 
Deployment diagram. Design decisions and concept prototypes were created following this 
research. The final design chosen is explained in detail along with the manufacturing process. 
Testing to verify the design is explained in detail. Lastly, the management process is laid out 
along with conclusions on the project and recommendations to the user.   
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1. Introduction 
This is the Final Design Report for Jonathon’s Lightweight Stroller. This document is created to 
provide a clear understanding of the final design, manufacturing, and design verification tests. 
Our sponsor is Mrs. Nina Aguayo. She has a son, Jonathon, who is diagnosed with Delayed 
Brain Development and hypotonia with some characteristics of Cerebral Palsy. The Convaid 
stroller that Mrs.  Aguayo is currently using for Jonathon is a 50 lb stroller that does not fit in the 
trunk of her vehicle among other issues. She is in need of a secondary lightweight transportation 
system for Jonathon that can be used for leisurely activities. The Convaid stroller will remain as 
a stroller used for transportation to, from, and at school. The team working on this project is 
Morley Perrin, Braeden Hammond, Juan Rodriguez, and Reid Bartels. The team specializes in 
mechanical design and manufacturing. This report provides a detailed outline of the project (as 
seen in the Critical Design document). In addition to the Critical Design Report components, the 
final design, manufacturing, and design verification sections are updated. The final design 
section explains the exact modifications that have been made to a Star Axiom stroller donated by 
Mrs.  Aguayo to satisfy the needs for leisurely activities. The manufacturing section describes 
the tools and processes that were utilized to complete the design. The design verification section 
includes performed hand calculations and testing in order to justify the quality of the design. 
Following these sections, the project management section is updated review the entire process. 
Conclusions on the project and recommendations to the user are also included. 
2. Background 
Using online databases, patent searches, and in person interviews with Mrs.  Aguayo, the team 
provided background research on relevant devices, mechanisms, and competitive products. The 
research is divided into customer needs, current product research, relevant senior projects, useful 
patents, and technical research.  
2.1 Customer Needs 
Following a Skype interview and an in person meeting, the exact wants and needs for the project 
were specified and elaborated on. The needs list is as follows:   
•       Fits in the trunk of a Chrysler 300  
•       Easily maneuverable  
•       Lightweight  
•       Full body support for Jonathon (i.e. harness, leg abductor, trunk support)  
•       Mesh seating  
•       Medical accessories   
These customer needs are features that were incorporated in the final design. The needs for 
maneuverability, a harness, and the leg abductor are currently features on the Convaid stroller 
but were not on the donated stroller that was to be modified. The remaining features have been 
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defined as needs as they either are not met with satisfaction or do not exist at all on the Convaid 
stroller.   
To address a few of the needs, previously purchased accessories were provided alongside the 
stroller shown in Figure 1 to be used throughout design and manufacturing. Previous issues with 
the provided stroller included the length of the wheelbase and the seat’s limited ability to recline. 
The wheelbase was too long for the stroller to fit in the trunk of Mrs.  Aguayo’s Chrysler 300. 
 
 
Figure 1. Adaptive Star Axiom jogger stroller provided by the sponsor. 
After further analysis was done in creating concept prototypes and making design decisions, as 
elaborated on in section 4, this stroller was modified to meet Jonathon’s health needs and Mrs.  
Aguayo’s expectations in the final product.   
2.2 Current Product Research 
Convaid, a leading manufacturer of disability strollers and stroller attachments, has a multitude 
of stroller designs on the market. Six of their strollers are outlined in Table 1. The pros and cons 
of each design are presented. The stroller that Jonathon currently uses for school purposes is the 
Convaid Trekker. 
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Table 1. Pros and Cons of competitor products manufactured by Convaid. 
Product 
Technical 
Name/ 
Manufacturer 
Pros Cons 
 
Convaid 
Trekker [1] 
• Ability to recline 
• Footrest 
• Collapsible 
• Attachable accessories 
• Securable on bus 
• Back wheel lock 
• Swivel front wheels 
• High cost 
• 50 lb 
 
Convaid 
Cruiser [2] 
• Lightweight (27-30 lb) 
• Holds up to 250 lb 
• Adjustable handle 
• Swivel front wheels 
• Crash tested under 
extreme conditions 
• Seat does not have 
ability to recline 
 
Adaptive Star 
Axiom 
Endeavour 3 
Special Needs 
stroller [3] 
• Hand and foot brakes 
• Single action fold 
• Holds up to 200 lb 
 
• No swivel wheels 
• Seat has limited 
ability to recline 
 
Special 
Tomato Jogger 
All Terrain 
Stroller [4] 
• Low cost 
• Minimal pinch points 
• Swivel front wheel 
• Rear suspension 
 
• Limited to users 
under 48” tall 
• Large folded 
dimensions 
• Holds 110 lb 
 
Freedom 
Pushchair 
Stroller [5] 
• All terrain 
• Quick release wheels 
• Lifetime warranty 
(frame) 
• Bicycle type handbrake 
with parking 
mechanism 
• Seat has limited 
ability to recline 
• No swivel wheels 
• One color 
 
Maclaren 
Major Special 
Needs stroller 
[6] 
• Collapsible 
• Swivel front wheels 
• Lightweight 
• Attachable accessories 
available 
• Seat has ability to 
recline 
• Limited to users 
under 48” tall 
• Limited body 
support 
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2.3 Relevant Senior Projects 
Past senior projects from Cal Poly were researched to provide ideas and inspiration. Joseph’s 
Jogger (2017) and Nathan’s Mobility Device (2018) both created a special needs transportation 
device for their respective sponsors. 
 
Joseph’s Jogger was a project for Joseph Cornelius who was diagnosed with Spastic 
Quadriplegia, a form of Cerebral Palsy. He participates in triathlons with his father in which he is 
pushed in a jogger. The stroller that Joseph used before the project was getting old and worn out 
with more than 7,000 miles on it. The stroller also caused Joseph discomfort throughout the 
marathons.   
 
Team Joseph aimed to create a jogger that could safely secure Joseph and provide body support, 
be transportable inside a standard-sized minivan, be lightweight in order to push easily, and 
provide a smooth ride by dampening impacts. Their final solution was an exoskeleton frame 
design that surrounds and protects Joseph. The frame was made of 4130 Chrome-moly Steel 
which is also used in bicycle frames where max strength and low weight is required. The seat 
was divided into multiple parts and attached to the frame via Velcro straps. The wheels were 
created by the team since the market for high quality, small wheels is not very extensive. Team 
Joseph ultimately eliminated major vibration and suspension issues through the use of pneumatic 
tires. Lastly, Team Joseph decided on using an h-harness and three point belt since many special 
needs companies do not carry complete five point harnesses for individuals over sixty-five 
pounds  [7].  
 
Nathan’s Mobility Device was a project for Nathan who was diagnosed Spinal Muscular 
Atrophy (SMA) which causes him extreme muscular weakness. His mobility device before the 
project made it difficult for him to breathe and caused him pain and fatigue [8]. 
 
Nathan’s team aimed to implement a specialized seat on a used pediatric power chair. Since the 
power chair will only be used as the base of the device, all components that were not directly 
related to user input and device motion were removed. The final design was a seat attached to the 
power chair. The frame of the seat was made of aluminum tubing. Upholstery foam was used for 
the seat cushioning for comfort and prolonged use. The seat reclines via two linear actuators and 
a simple hinge mechanism.  
 
Both projects are great resources for inspiration and knowledge. Joseph’s Jogger provides 
documentation for available production parts, and Nathan’s Mobility Device demonstrates a 
project that married existing products with a new system/design.  
2.4 Useful Patents 
In conjunction with existing products, research was also conducted on patents that might guide 
the design phase. Table 2 indicates the patents researched in regards to mechanisms, 
components, and designs that were considered useful or inspirational for Jonathon’s new stroller.  
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Table 2. Patent research 
Patent Name Patent Number Key Characteristics 
Adjustable Mechanism for a 
seat back of stroller [9] US4986564A 
Vertical posts with slots attach to the 
seat back. This allows the seat back to 
swing on its pivot point next to the 
wheel and makes the backrest 
adjustable. 
Single-hand-operated 
actuating mechanism for a 
foldable stroller [10] 
US7780183B2 
 
Complex folding mechanism, useful for 
its creative inclusion of a basket and 
attachment capabilities. 
Foldable jogging stroller [11] 
US20040227330A1 
Three wheeled jogger with a simple but 
effective 2-D collapsing design. 
Demonstrates the function of the stroller 
donated to the team by the sponsor. 
Head Rest and Restraint 
Assembly [12] US5806933A 
Consists of a standard car seat head rest 
with the addition of cushioned side bars. 
The side bars prevent head tilt while 
allowing full rotation and vision. 
Wheeled health care chair 
[13] 
US5865457A 
 
A wheeled reclining chair which 
includes a swing link assembly that 
allows the seat back assembly to recline 
up to approximately 180°. 
 
 
2.5 Technical Documentation 
In this section, a more detailed look is taken into some of the design considerations and issues 
that may be faced through the use of technical articles and books. Research was conducted for 
folding mechanisms, product weight reduction, load supports, and stroller kinematics.  
2.5.1 Folding Mechanisms and Terminology 
One of the main aims of this project is collapsibility of the system. Table 3 was generated from 
the information found in Collapsible [14]. The text presents unique methods of space saving 
designs in multiuse products. The team will use this information in ideation of converting the 
device to trunk size.  
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Table 3. Types of collapsing mechanisms 
Type of Collapse Explanation Example 
Folding 
To bring into a compact form 
by bending and laying parts     
together 
 
Creasing Folding along existing lines 
 
Bellows 
Flexible and sealed 
connection between two 
planes 
 
Assembling 
Assemble for function and 
dismantle for storage 
 
Hinging 
Flexible joints between 
members 
 
Rolling Physically rolling material 
 
Sliding 
Tubes of declining sizes slide 
in and out of one another 
 
Nesting 
Unpacking and repacking 
components 
 
Inflation 
Expanding a volume with a 
fluid 
 
Fanning 
Pivot holds flat comparable 
leaves 
 
Concertina 
Rods connected by pivots to 
form a string of X’s that can 
be expanded/contracted 
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2.5.2 Weight Reduction 
Most of the weight on a stroller comes from the frame and wheels. In order to minimize weight 
while maintaining strength, durability, and low cost, material selection is key. Table 4 shows the 
advantages and disadvantages of titanium, steel, aluminum, and carbon fiber in the use of 
bicycles and wheelchairs.  
 
Table 4. Pros and cons of common frame materials [15]. 
Material Advantages Disadvantages 
Titanium 
Torsional flexibility and 
durability 
High density 
Steel 
Abundance, durability, low 
cost, manufacturability 
High density and oxidation 
issues 
Aluminum 
Low density, corrosion 
resistant, low cost, 
manufacturability, low cost 
finishing 
Still higher density than other 
composite materials 
Carbon Fiber 
Extremely low density and 
high strength 
Cost, manufacturability, 
abrasion 
 
The information presented in Table 4 concerns the application of bicycles and wheelchairs. 
While the scope for Jonathon’s stroller was more directly refined to strollers, similar design 
considerations were taken into account when determining the proper material for various design 
features later discussed. 
 
Mat Web, a leading material property database, allows for a closer inspection of important 
properties of the materials under consideration. The results are tabulated in Table 5.  
 
Table 5. Material properties of common frame materials [16]. 
Material Density [lb/in3] 
Tensile Strength 
[ksi] 
Modulus of 
Elasticity[ksi] 
Titanium 0.163 20.3 16800 
Chrome-moly Steel 0.273 176.9 30167 
Aluminum 0.0975 35 9860 
201HL Carbon-
Carbon Composite 
0.0596 10 5200 
 
Density, tensile strength, and modulus of elasticity are all important material properties for 
consideration of frame material. The density directly relates to the overall weight of the material. 
201HL Carbon-Carbon composite and aluminum are the two least dense materials that were 
compared. Tensile strength is the stress that can be withstood in a material before failing under 
tension (being stretched rather than compressed). Having a higher tensile strength leads to a 
stronger frame. It is observed that Chrome-moly steels tensile strength is over 500% higher than 
all other materials. Along with density and tensile strength, modulus of elasticity is also of 
importance as it is a measure of the stiffness of a material. While having a stiff material may 
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seem desirable, for strollers, it is of importance to find a happy medium. Having too stiff of a 
material leads to poor ride characteristics; however, not being stiff enough can cause large 
deformations and bending failures. Using Table 5, it is important to select a material that 
balances a low density, high tensile strength, and a low to medium modulus of elasticity. 
2.5.3 Back Supports 
Research published by the VA Prosthetics Research & Development Center in the Journal of 
Rehabilitation and Development examines a flexible contour backrest for wheelchairs. Flexible 
Contour Backrests offer adequate posture, uniform pressure distribution, and comfort to the users 
while keeping the advantages of conventional sling backrests [17]. Conventional wheelchairs are 
generally equipped with sling backrests since they can be easily folded. While it is also clinically 
accepted, sitting in sling backrests may affect the posture of the users because they do not 
provide enough lateral support to prevent, manage, or correct alignment problems.  To maintain 
the sling backrest's characteristics while offering adequate posture and comfort, a new flexible 
contour backrest was designed. Tests to measure lumbar pressure distribution were conducted on 
15 adult subjects with no reported history of back pain or deformity. At the end of the tests, 
significant differences were discovered in terms of pressure measurements, back profile 
accommodation, and comfort between the flexible contour and the traditional sling backrest. A 
pressure mapping for the flexible contour backrest can be found in Figure 2. The flexible contour 
backrest offered a more uniform pressure distribution, the test subjects sat more posteriorly in the 
flexible contour, and was regarded as more comfortable than the sling backrest. This study 
provides valuable insight on existing designs and characteristics of a back support that have to be 
considered to fulfill Jonathon’s medical needs.  
 
 
Figure 2. Pressure distribution of flexible contour backrest. 
2.5.4 Stroller Dynamics 
Effects of wheel base and center of gravity were examined during research of ground vehicle 
dynamics and stability. The data showed wheel base directly affects directional control, while 
center of gravity height correlates to roll-over control [18]. Strollers are far less stable than cars 
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due to their high relative CG and significantly shorter wheel base. Although the terminology and 
parallel knowledge from ground vehicles is useful, the team acknowledges some work has to be 
done to fully comprehend stroller dynamics. Using this knowledge it will be possible to form a 
baseline model of how the stroller will perform during use. 
 
2.6 Standards and Regulations 
Devices and toys used by children are some of the most widely regulated products in the US and 
around the world. Standards from the American Society for Testing Materials (ASTM) and the 
International Standards Organization (ISO) are provided in order to understand the performance 
standards and restrictions imposed on the industry. Results can be found in Table 6. 
  
Table 6. Stroller standards and regulations. 
Standard Description 
ASTM – Designation F833 – 15: Standard 
Consumer Safety Performance Specification 
for Carriages and Strollers 
Full safety codes document including 
terminology, performance requirements, and 
testing methods 
ISO / TC 173 / SC1: Wheelchairs 
Encompasses all standards related to testing 
and measuring powered and non-powered 
wheelchair performance 
  
 ASTM designation F833 provided a wealth of information regarding industry standards. This 
information was useful when creating engineering specifications since ASTM already has 
methods to test for pinch points and braking performance outlined in their standards [19]. A 
request was put in with the Cal Poly Library to view the ISO wheel chair codes; however, they 
were unavailable. 
 
3. Objectives 
Mrs.  Aguayo and Jonathon required a stroller which better fit their needs. From the background 
information, a problem statement and boundary diagram were created. Additionally, key 
functions determined from the interview with Mrs. Aguayo were used to fill out a quality 
function deployment (QFD) chart and generate measurable specifications for the project. 
3.1 Problem Statement 
Jonathon is an eight-year-old boy who loves Marvel and has Delayed Brain Development and 
Hypotonia along with some characteristics of Cerebral Palsy. Previously, Mrs. Aguayo 
(Jonathon’s mother) and Jonathon were using a fifty pound stroller that was difficult to maneuver 
and does not easily fit in Mrs. Aguayo’s car. They needed an easy to collapse lightweight system 
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that Mrs. Aguayo could fit in her car, easily maneuver, and is comfortable for Jonathon while 
meeting his safety and medical needs. 
3.2 Boundary Diagram 
A key portion of defining the scope of work was to clarify what aspects of the sponsor’s problem 
will and will not be looked at. It was determined that this was solely to be a leisure stroller; 
therefore, any sort of car seat or buckling methods for a school bus were outside the scope. 
Additionally, any considerations regarding changes to Mrs. Aguayo, Jonathon, or the car were 
not considered. Figure 3 provides a visual of the areas that were considered for design. 
  
 
Figure 3. Boundary Diagram 
3.3 QFD Process 
Quality Function Deployment, shown in Appendix A, is a strategic and calculated method for 
laying out customer needs and creating measurable metrics to meet them.  Using the research and 
interviews conducted, a list of customer needs was produced that encapsulated the performance 
and abilities of the product requested. Engineering specifications were developed from the list of 
customer needs as ways to measure if the project succeed or failed in the given area. Current 
products were then measured according to these specifications. Appendix B, benchmarks for  
current products, contains a table with approximations of how the provided leisure stroller and 
the current Convaid stroller perform in a side by side comparison. 
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3.4 Specifications Table and Discussion 
The technical engineering design specifications developed in the QFD have been tabulated in 
Table 7 and are discussed further.  
 
Table 7. Engineering specifications from the QFD. 
Engineering 
Specification 
Target Value Tolerance 
Risk of Failure to 
Meet Criteria 
Compliance 
Method 
Weight (lb) 40 MAX L Test 
Folded Dimensions 
Mrs. Aguayo’s 
trunk 
MAX L Inspection 
Load Capacity (lb) 150 ± 10 L Test 
# of Pinch Points 0 MAX H Analysis 
Tipping Load (lb) 15 MIN M Test 
 
 
Below is a description of how each engineering specification was measured. L, M, and H 
represent low, medium, and high risks of failure.  
 
● Weight: The weight of the stroller was measured by one team member standing on a foot 
scale with and without the stroller. The difference was then recorded. 
● Folded Dimensions: The stroller was placed in the trunk of Mrs. Aguayo’s Chrysler 300. 
● Load Capacity: A 150 pound person sat in the seat of the stroller.  
● Number of Pinch Points: An object the size of Jonathon’s forearm and legs was used to 
check locations of any pinch points. 
● Tipping Load: Measured the force it takes to tip the stroller over at the handle bars using 
a force gauge. 
4. Concept Design 
In this section, the steps followed that lead to critical design decisions are explained in detail. It 
started with ideation which lead to concept model generation, and finally concept selections and 
critical design decisions were made. Decisions made on each concept are put together in four 
different combinations of complete models. These models are compared to one another to aid in 
finding the best design within each subsystem.  
4.1 Concept Generation Process 
Several ideation and concept generation techniques were used to facilitate creative thinking and 
unique ideas. To begin the design process, functions of the stroller were split into the following 
categories: 
• Collapsibility 
• Body Supports 
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• Connections 
Each member of the team presented ideas for each of the three categories. After this initial 
ideation, brainstorming sessions were conducted by each team member with persons outside of 
the project. Four different ideation techniques that fit well with this project were implemented to 
generate a wide variety of perceptions. Members reported the findings of their individual 
ideation sessions to the rest of the group where ideas were evaluated based on feasibility and 
cost. Furthermore, the donated stroller’s performance was re-evaluated and the team found the 
existing collapsing mechanism more than sufficient. The focus for conceptualization was 
changed to reflect the aspects of the stroller that were modified. After adjustment, the subsystems 
of the stroller were as follows: 
• Wheels/ Steering  
• Leg abductor 
• Seat Modification 
By breaking up subsystems in this manner, it allowed for generation of the concept models 
elaborated on in section 4.2.  
4.2 Subsystem Alternatives 
For each redefined subsystem, three to four concepts were generated and sketched in order for 
them to be accurately analyzed. Documentation of each concept sketch and alternative is below. 
Note that concept sketches are not provided for the type of wheel selected because these are 
based on existing products rather than new ideas. 
4.2.1 Wheels and Steering 
This subsystem covers the possible wheel configurations and wheel types to be used on the 
stroller. Figure 4 is a top view of the current wheelbase configuration which the alternatives will 
be compared to.  
 
 
Figure 4. Top view of the current wheelbase of the stroller to be modified. 
 
As denoted by the key in Figure 4, the blue circles represent a fixed wheel and the purple circles 
represent a swivel caster wheel. Additionally, the top of the diagram represents the rear end of 
the stroller, and the bottom of the diagram represents the front of the stroller. The donated 
stroller had three wheels; two in the back and one in the front. All of the wheels were fixed. 
Below are the alternative designs produced by the team. 
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Design 1 
Replace existing front wheel with a caster wheel welded to struts.  
 
 
 
 
 
 
Design 2 
Cut-off front struts. Weld one caster centered on the cross beam 
beneath the foot bed.  
 
 
 
Design 3 
Similar to design three the struts are removed, but this time two 
casters are welded to the cross beam, one on each side of the 
stroller.  
 
Along with brainstorming the number of wheels and their locations, a few possible ways of 
integrating swivel wheels was explored. These different paths include taking a swivel wheel and 
their entire bearing assembly from another stroller that could be welded or mounted to the frame, 
reverse engineering a product made by the provided stroller manufacturer that achieves the same 
function as desired, and re-designing a bike steering column.  
 
4.2.2 Leg Abductor 
This subsystem regards the design for the leg abductor, one of Jonathon’s medical needs. The leg 
abductor prevents Jonathon from squeezing his legs together or from planking out of the stroller. 
Planking is when Jonathon’s body stiffens up and he becomes flat. This causes his groin to move 
forward leading to him falling out of the seat in the absence of a leg abductor. These ideas aided 
in the selection of a leg abductor design for the final stroller. 
 
Design 1 
Second canopy arm with a leg abductor attached at the top. This arm 
swings down into place when in use and up with the canopy when not 
in use.   
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Design 2 
A cross beam is welded to the frame underneath Jonathon’s 
knees. The leg abductor is fastened to this beam and a hole is 
cut in the seat to allow it to poke through.  
 
 
 
 
 
Design 3 
A lap bar, with the leg abductor fastened in the middle, is 
attached to the stroller with a pinned hinge. 
 
 
 
 
 
 
 
Design 4  
Leg abductor is placed in a fabric basket. The Basket attaches to 
the seat with Velcro. 
 
 
4.2.3 Seat Ventilation  
In one of the meetups with the team, Mrs. Aguayo said that she would like for the seat to 
incorporate mesh material. In the original seat layout, Jonathon tends to overheat and feel some 
discomfort. The addition of the mesh material to the seat would add more breathability to the 
seat and provide Jonathon with a more comfortable riding experience. The following designs 
incorporate mesh material in a variety of methods to accommodate this customer want.  
  
Design 1  
Replace all the material on the backing and bottom of the seat 
with mesh material, reminiscent of a hammock  
  
  
  
 
 
Design 2  
Replace the only side panels of the seat with mesh material  
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Design 3 
Add strips of mesh material to the backing of the seat to add more 
breathability to Jonathon’s back/torso. 
 
 
4.2.4 Harness  
While the leg abductor is responsible for keeping Jonathon’s leg separated and in place, a 
harness must also be utilized. The harness is responsible for keeping Jonathon’s upper body in 
place. This is especially necessary in instances were Jonathon attempts to lunge himself forward. 
The harness will also provide support to both his torso and waist. The team examined two of the 
most popular harness types on the market.  
  
 
 
Design 1 
Five-Point Harness. A five-point harness is a form of seat belt that 
contains five straps that are mounted to a frame. This type of 
harness is popular in race cars and in child safety seats  
  
  
 
 
Design 2  
Butterfly Harness. A chest harness is worn around the shoulders, 
usually with a sit harness to provide an additional attachment point. 
This attachment point allows for better support when the person in 
the harness may be unable to maintain an upright position.  
 
 
 
4.3 Design Direction 
Outlined below are the directions the team agreed upon for each subsystem of the stroller. These 
decisions were informed by the Pugh matrices found in subsections below. The reasoning behind 
each subsystem decision was based upon the wants and needs of the customer, as well as the 
team’s ability to manufacture the idea.  
4.3.1 Wheels and Steering 
The wheels and steering subsystem was split into two distinct parts in order to focus our Pugh 
Matrices. First the optimal type of wheel was analyzed, followed by the location of the wheels on 
the stroller. 
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The original wheels on the donated stroller were pneumatic meaning the tire is made of an 
airtight inner core and is filled with pressurized air. Four other wheel options were also 
considered: solid rubber wheels, foam wheels, dual plastic wheels, and polyurethane wheels. In 
Figure 5, both solid rubber and dual plastic wheels were equally effective choices based on the 
criteria. 
 
 
Figure 5. Pugh Matrix for the types of front wheels. 
After the type of wheel was selected, the next consideration was the location of the wheels on the 
stroller. The two options that were considered include three or four wheels.  A four wheel stroller 
provides more stability than a three wheel stroller. Keeping this in mind, the four wheel design 
was chosen for its superior stability. The associated Pugh Matrix for this decision is in Figure 6. 
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Figure 6. Pugh Matrix of different wheel orientations. 
4.3.2 Leg Abductor 
After evaluating weight, comfortability, and safety, in Figure 7 the leg abductor sewed to the seat 
arose as the best concept. In the swing arm design and overhead canopy design, additional 
members would have to be added to the current frame leading to additional weight. The crossbar 
and clamp design impeded the collapsibility of the stroller making it invalid as well. Instead, the 
sewing design was chosen because it added the least amount of weight and allowed the 
smoothest integration with the stroller. 
 
 
Figure 7. Pugh Matrix for leg abductor design 
The design consists of a cover stitched around a wood and foam core. The cover has flanges on 
the side that has strips of hook Velcro sewn on. A sketch of this design is found in Figure 8. The 
loop side of the Velcro is stitched to the underside of the seat. This allows the position of the leg 
abductor to be adjustable and accommodate Jonathon’s growth through the next couple of years. 
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A wood core surrounded by foam was used for construction of the abductor to maintain both 
comfortability and rigidity. 
 
 
Figure 8. Picture of leg abductor concept 
4.3.3 Seat Modifications 
Detachability 
The first aspect of the seat that was considered was the detachability. The seat can be detached 
and reattached to the user’s liking utilizing a snap-button system to secure to the frame to the 
stroller. Upon our first inspection of the stroller, the snap-button system was sufficient, but it 
does have its flaws. Detaching the buttons is quite easy, but reattaching the seat to the stroller 
can be troublesome. After evaluating concept designs for a new detachability system, the current 
snap-button system turned out to be the best. The concept designs from our Pugh Matrix in 
Figure 9 were either unsafe, hard to manufacture, or difficult to use. 
 
 
Figure 9. Pugh Matrix for seat detachability 
 
Ventilation  
One of our sponsor’s big requests was to incorporate mesh material into the seat. This was an 
effort to make it more breathable because Jonathon often gets hot. Figure 10 shows the three 
considered concepts. Replacing the entire backing and bottom of the seat, essentially making a 
hammock, was ruled out. There were concerns raised about the strength of this design. The 
worst-case being that he rips the seat and injures himself. Using a large amount of mesh material 
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could also provide an uncomfortable ride for Jonathon, especially on cold or rainy days. The 
design of the back strips of mesh was also ruled out due to difficulty in manufacturing. To 
incorporate the mesh strips on the backing would prove to be difficult even for a veteran 
upholster. One of the upholsters during a consultation stated that he would have to completely 
construct a new backing for the seat to incorporate the mesh strips. The side panels on the other 
hand are quite accessible and easy to work with. Going forward the side panels will be replaced 
by a stiff mesh that will provide the desired ventilation for Jonathon but will also be simple for 
an upholster to manufacture. 
 
 
Figure 10. Pugh Matrix for seat ventilation 
 
Harness  
The straps that were originally on the stroller used to support Jonathon were difficult to get him 
settled in. There were also concerns that the original harness did not keep Jonathon truly secured 
in the seat. Jonathon could lunge forward and potentially injure himself. The original harness on 
the seat was adjustable and any new design should incorporate that same adjustability. During 
one of the upholster consultations it was ensured that a new harness could not be installed while 
still utilizing the adjustability feature. With this in mind the team made the Pugh Matrix in 
Figure 11 to determine the best type of harness for the situation. There was not much separating 
the 5-point from the butterfly, but the butterfly harness is easier to put Jonathon in. It is the same 
harness that is on his Convaid stroller and will secure him in place but not completely restrict his 
motion like a 5-point would. It would also be redundant to use a leg abductor in conjunction with 
a 5-point harness. 
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Figure 11. Pugh Matrix for the harness design 
4.3.4 Full System Concept 
To assist in choosing a final full system concept a morphological matrix was utilized. All of our 
design considerations for all the subsystems were put into a matrix and the matrix can be seen in 
Figure 12. The morphological table allowed the team to pick and choose each of their favorite 
designs from each subassembly, building them into a complete system. 
 
 
Figure 12. Morphological Table with all design considerations 
Each individual team member created a unique completed system and they were put into a 
weighted decision matrix. A weighted decision matrix is a table used to compare alternatives 
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with respect to multiple criteria of different levels of importance. The combination with the 
highest score was the full system concept chosen and will be analyzed further.  
 
 
Figure 13. Weighted Decision for deciding full system concept 
As shown in Figure 13, the team concluded that Jonathon’s Stroller will be a 4-wheel stroller 
with 2 front swivel casters with a shortened wheelbase, use rubber wheels, the leg abductor will 
be sewed directly to the seat, the side panels of the seat will be made of mesh material, and a 
butterfly harness will be incorporated. In section five of the report (Final Design), a CAD model 
of the full system concept stroller better illustrates the chosen design direction.  
4.3.5 Structural Prototype 
To start analyzing the full design concept, a full 1:1 scale replica of the stroller was created out 
of PVC pipe as shown in Figure 14. The PVC stroller was created to evaluate several possible 
Figure 14. PVC structural Prototype used to simulate modifications to 
the stroller frame. 
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hang-ups in our design. Firstly, the team wanted to see how moving the hinge (circled in the 
picture) forward or back affected the stroller’s center of gravity and if it would ruin the 
collapsing mechanism. 
 
The center of gravity was a concern because the stroller was made to tip easily since it had a 
fixed wheel up front. The prototype demonstrated that the center of gravity would change 
minimally by moving the front hinge. The prototype also showed moving the front hinge would 
prevent the stroller from collapsing all the way. In light of this, it was seen that no modifications 
could be made to the main frame of the stroller to improve center of gravity concerns. After 
exploring those design modifications, the team also looked at the effectiveness and functionality 
of the 4 wheel design. The structural prototype proved that a 4 wheel stroller would satisfy the 
maneuverability needs. However, the wheel attachment method did not prove to be viable 
because the bearing assembly was not constrained properly. New methods of attaching the 4 
wheels to the stroller were explored. Re-designing a bike headset was considered, but the final 
design outlined in section 5.1.3 was selected for cost and manufacturability. 
4.4 Preliminary Analysis 
Adding a reclining mechanism with pneumatic cylinder assist to the design of the original 
stroller introduces concerns regarding center of gravity and tipping. When reclined, a rod would 
extend out of the pneumatic cylinder allowing for air flow to enter the piston. If there is not 
enough weight to constrain the bottom of the seat, then the piston contracts in attempt to come 
back to its natural state. This contraction would lead to the stroller potentially tipping backwards. 
To ensure that this failure is not seen in the final product, hand calculations found in Appendix C 
were conducted.  
 
In order to carry out the calculations, the force required to expand a single pneumatic cylinder 
had to be obtained. This was achieved by constraining the top of the pneumatic cylinder and 
attaching incremental amounts of weights to the bottom until it began to expand. It was 
determined that the force was 15 lbf.  
 
With the force of the piston determined, two calculations were carried out. The first solves for a 
force that would need to be applied to the center of the seat back in order to expand both 
pneumatic cylinders and recline the stroller. This was found to be 12.5 lbf. The second 
calculation solves for a force applied to the center of the seat base to prevent the cylinder from 
contracting and tipping the seat. The resulting force required was 20 lbf. To gain an 
understanding of what these results demonstrate with Jonathon in the stroller, his upper and 
lower body weights were determined.  
 
Jonathon’s weight of each body part was calculated using a model from Human Body Dynamics: 
Classical Mechanics and Human Movement that estimates the percent weight attributed to each 
body part [20]. The results are in Table 8. 
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Table 8. Approximate distribution of Jonathon’s body weight. 
 
 
Table 8 yields that Jonathon’s upper body is 51 lbf and his lower body is 24 lbf. While these are 
approximations, they were of use in determining if the selected reclining seat back design was 
feasible. Knowing that it requires 12.5 lbf to expand the two pneumatic cylinders for the 
reclining mechanism, the seat back would recline under Jonathon’s upper body weight of 51 lbf. 
Additionally, the max weight that Mrs. Aguayo needs to lift when returning the seat back to 
vertical without this design would be Jonathon’s full upper body weight. With the addition of the 
pneumatic cylinders, the max weight needing to be lifted is reduced to 38.5 lbf. This is a 24.5 % 
reduction.  
 
Along with successfully assisting in reclining Jonathon, the design would not cause tipping of 
the stroller. The calculated force required to resist tipping is 20 lbf and the weight of Jonathon’s 
lower body, 24 lbf, is enough by itself. Additional weight not included in the calculation for the 
moment is the weight of the stroller. As the center of gravity of the stroller is in front of the seat 
hinge, this additional unaccounted weight would aid in keeping the stroller on the ground.  
4.5 Risk Assessment 
One of the key components from the selected design concept was the hinge on the seat that 
would allow the seat backing to recline. The hinge must be able to withstand the force necessary 
to recline the seat back. This is to ensure that the hinge would not break or shear off of the 
stroller.  
 
A risk with the design concept was implementing the desired modifications. The commercial 
stroller is designed to ensure that the geometry of the stroller is safe for public use. The lengths, 
angles, and placement of the members in the stroller are designed for a reason. Whether 
members were shortened, extended, or replaced, any changes to the geometry of the stroller was 
thoroughly checked with calculations and testing to ensure that those changes were safe and 
would not ruin the structural integrity of the stroller.  
 
Along with implementing the desired modifications, the material selection for the seat was 
another challenge. In the concept prototype that was developed, the seat was composed of rigid 
plates for the backing and bottom. One of the ideas that Mrs. Aguayo suggested was to 
implement mesh material on the seat. She stated the mesh material would be more comfortable 
for Jonathon and would prevent Jonathon from getting too hot in the stroller. But the rigid 
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backings allow the seat to recline easier. It will be a challenge to integrate both mesh material 
and rigid backings for the seat reclining.  
 
In addition to the consideration of these potential design issues and decisions, the safety of 
Jonathon was assessed using the hazards checklist in Table 9. These types of hazards regarded 
anything that could go wrong with the design of the stroller that would put Jonathon or Mrs. 
Aguayo at risk of injury. A copy of the design hazard checklist is also found in Appendix D.   
 
 
Table 9. Hazards and corrective actions documentation. 
Description of Hazard  Corrective Action Planned Date Actual  Date 
Pushing the stroller while 
running which could cause it 
to tip over. 
  
The new two swivel wheel 
attachment provides safe 
maneuverability and stability as 
learned in the test procedures 
carried out.  
5/19 5/20 
Curbs and bumps cause a 
jerking motion on the stroller 
inducing high accelerations. 
Wrote a user manual to prevent 
unsafe driving practices. 
3/20 
 
4/8 
Pinch points that Jonathon 
can hurt himself with.  
  
Covered potential pinch points 
and open holes with rubber 
stoppers 
5/19 5/25 
The stroller will be exposed 
to an array of weather 
conditions (hot, cold, rainy, 
etc.) 
Coated the wheel assembly with 
spray paint to withstand weather 
conditions and avoid corrosion 
over time.  
5/19 5/22 
Pushing the stroller in a 
reckless manner can 
potentially cause harm to the 
user and Jonathon. 
Wrote a user manual to educate 
any user on safe stroller pushing 
etiquette and techniques.  
3/20 4/8 
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5. Final Design 
Figure 15. Final design full assembly of the stroller with labeled subsystems 
A final SolidWorks model of the design modifications made is shown in Figure 15. One of the 
initial goals for the stroller was to improve the reclining mechanism of the seat. After meeting 
with Mrs. Aguayo and after careful considerations the team decided to no longer explore the 
recline function. This was decision was made because Mrs. Aguayo said that she rarely uses the 
reclining feature. This prompted the team to focus efforts elsewhere. For the final design 
decisions, the stroller was broken up into three subsystem. The subsystems include leg abductor, 
wheels/steering, and seat modifications. These subsystems were determined as the three main 
areas of modifications necessary to meet the wants and needs of the sponsor, such as 
maneuverability and comfort and safety for Jonathon. Each subsystem was evaluated 
individually to ensure the best and most feasible design for every component of the stroller. The 
final design for each subsystem is explained below. 
5.1 Design Description & Justification 
This section covers details and justifications for each subsystem of the final design as well as 
testing and calculations performed in order for the final design to take shape.  
Leg Abductor Subsystem 
Front Wheel Subsystem 
Seat and Harness 
Subsystems 
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5.1.1 Leg Abductor 
The final design of the leg abductor consisted of a 1 ¼ ” x 3” x 3” wood block covered with a 
1/8” thick neoprene foam layer as shown in Figure 16. The wood and foam block was then 
covered with fabric to protect against water damage and other wear and tear.  
 
Figure 16. Leg abductor prototype. 
The purpose of the wood is to maintain the rigidity of the leg abductor so that when Jonathon is 
pushing against it, it will not deflect or deform. The neoprene sponge foam covers the wood 
block to establish comfortability for Jonathon. Figure 17 Shows the dimensions of the wood 
block. During manufacturing, a width of a 1/2” proved to be too skinny, so the width was 
increased to 1 ¼ ”.  
 
Figure 17. Leg abductor wood block.  
The edges of the front of the block were chamfered in order to increase comfortability. The 
neoprene foam was wrapped around the entire block of wood (besides the surface in contact with 
the seat) and encased with fabric donated by Mr. Poli Maya, Jonathon’s father. The fabric covers 
the entire leg abductor and has two square sheets that hang off the sides of the abductor. Figure 
18. shows a visual representation of how the fabric cover looks.   
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Figure 18. Leg abductor fabric cover with Velcro on side flanges.  
The checkered scoring in Figure 18 represents where Velcro is attached. Remember that the 
sheets of fabric with the checkered scoring on them are free to move with dimensions of 1.5” x 
3”. These sheets slide through the slots in the bottom of the seat (as elaborated on above) and 
then fold up to come in contact with the bottom of the seat. The sheets of fabric and the bottom 
of the stroller seat are attached via Velcro.  
5.1.2 Seat  
 
Figure 19. Before and after implementation of mesh sidewalls. 
Final decisions for the seat were split into designs for ventilation and the harness. The primary 
goal for the seat subsystem was to make sure Jonathon is comfortable and does not get 
overheated. However, it is highly important that the seat retains its structural integrity. With this 
in mind the final seat design was kept extremely simple and can be seen in Figure 19. To 
maximize airflow, the two triangular red side panels are going to be replaced with a mesh called 
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Phifertex. This synthetic fabric is woven strands of vinyl making it very stiff, but also breathable. 
Replacing the canvas side panels allows for air to flow across the stroller, cooling Jonathon off 
without weakening the support of the seat or causing him to get cold easily. It also opens 
Jonathon’s view from inside the stroller. The mesh is fine enough that Jonathon will not be able 
to get his fingers into it so there is not an increased safety hazard.  
 
To secure Jonathon safely in his stroller, the team decided to emulate the harness used on 
the Convaid stroller. A butterfly harness, which was donated by Mrs. Aguayo, was retrofit by an 
upholstery specialist. The donated butterfly harness, shown in Figure 20, consists of an ‘H’ 
shaped holster with four straps extending from each tip of the ‘H’. 
 
 
Figure 20. Donated Butterfly Harness 
The two top straps, shoulder straps, will be integrated into the existing shoulder harness shown 
in Figure 21.  
 
Figure 21. Current shoulder harness and attachment points of harness  
The lower hip straps were sewn into the bottom corners of the seat. Although the butterfly 
harness has four separate buckles, the two shoulder buckles will remain attached during regular 
use. To get Jonathon into the harness, he is sat down in the seat. Then the harness will be lifted 
from behind him, up over his head. The two hip buckles will then be secured. This minimizes 
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the number of steps required to put him in the seat and always keeps the harness attached to the 
seat, so it cannot be lost. 
 
The butterfly harness would usually not provide enough security to be a viable option; however, 
the leg abductor implemented serves as a fifth point of contact so that he is secure. This design 
optimizes the materials that were provided and designs that are known to be effective. 
5.1.3 Front Wheel Assembly 
To accommodate a four wheeled design onto a three wheeled stroller, the assembly shown in 
Figure 22, produced by Adaptive Star Axiom, was used as inspiration. Adaptive Star Axiom’s 
design allows a customer to take the fixed front wheel off of the stroller and replace it with two 
swivel wheels. Simply purchasing this kit was considered for the project; however, it cost over 
$300 and would have taken months to get shipped to the team. For those reasons, the assembly 
was analyzed and re-designed to address the needs of the project. One major discrepancy 
between Adaptive Star Axiom’s design and the one being used for the project is how it is 
connected to the frame. Adaptive Star Axiom used a design in which the swivel wheel kit can be 
taken on and off depending on the terrain the user expects to be on. Mrs. Aguayo has minimal 
need for the three wheeled design, so the connection to the frame was made permanent by 
welding.  
 
 
Figure 22. Adaptive Star Axiom swivel wheel kit (top) converts their Improv stroller to a four 
wheeled design. A SolidWorks model of the assembly used for the final design is pictured 
(bottom). 
After running through many design iterations of the wheel assembly and due to various 
complications, the final functional design shown in the bottom of Figure 22 was completed. Old 
designs included using 8” wheels that Mrs. Aguayo provided; however, when the wheels turned 
perpendicular to the stroller, they interfered with the bent horizontal bar. For that reason, the 
smaller 5 ¾" diameter by 1 ½" wide wheels in Figure 23 were sourced from eBay. The wheels 
bought from eBay are the front wheels from a Sunrise Medical Quickie wheelchair. Included 
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with the wheels comes a connection that allows the wheels to swivel and be fastened to a 1” OD 
horizontal bar. The connection functions by being clamped around the 1” tube using two hex 
bolts and are located using a detent pin that is placed in a hole horizontal bar.  
 
 
Figure 23. Quickie brand caster wheel found on eBay. 
For the connection, a 1” tube was sourced from McMaster-Carr. Material was the main 
consideration taken into account when sourcing the tube. A choice was made based on 
compatibility with the existing frame of the stroller. It is much easier to weld similar metals, and 
the base of the frame is steel, so a bar of 4130 steel was sourced. As for weight considerations, 
the tube density is found on McMaster-Carr and the volume was calculated by hand. Multiplying 
these two values yielded a weight of under a quarter of a pound. The overall weight of the 
stroller was later analyzed.  
 
With design of the front wheel assembly complete, the verification of functionality was carried 
out. While information on the specific load rating for the wheelchair wheel bearing assembly 
could not be found, the average wheelchair is designed to sustain loadings of 250-300 lbf. 
Jonathon is predicted to weigh a maximum of 100 lbf after growing for four years. This is 1/3rd 
of the max load that the wheels can normally take in a wheelchair application.  
 
Hand calculations on the horizontal bar’s strength, deflection, and weld strength were also 
conducted to confirm the functionality of the design. These hand calculations can be referenced 
for greater detail in Appendix C.   
  
When determining if the horizontal bar would fail due to the applied shearing force and the 
moment created from a 200 lbf load, a factor of safety of 2.31 was calculated. Additionally, the 
hand calculations show that the maximum deflection in the center of the horizontal bar due to the 
loading is 0.026”. While no value of allowable deflection was determined by the team, this 
amount of deflection was considered negligible for this application as there are no functions that 
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would be compromised. Finally, to ensure that the welds between the horizontal bar and the base 
of the frame will be sound, the weld strength was analyzed. Again, the design is validated 
through the resulting factor of safety of 3.25 in this calculation.  
5.2 Safety 
The main safety concerns of the stroller are due to any instances where a critical component of 
the stroller breaks. Critical components would be either the front wheels, the leg abductor, or the 
areas where the seat has been modified. It is highly unlikely that a component on the stroller 
breaks since it will only be used lightly; however, if that were to happen it could cause damage 
to the user. For instance, if the leg abductor breaks or detaches, Jonathon could slide down in the 
seat and potentially be choked by the harness. The harness minimizes this danger because it has a 
‘v’ shape at his neckline and is padded well so that it will not bruise or choke him. If the leg 
abductor breaks it could expose sharp edges from the wood block. This is severe but not likely, 
as shown in the Failure Modes and Effects Analysis (FMEA) table in Appendix E. The strength 
of the welds on the horizontal bar was also a concern since losing the front wheels would cause 
the stroller to dive into the ground and shoot Jonathon forward. From the hand calculations this 
is not likely to happen, also shown in Appendix C. The final consideration is the event that the 
mesh sidewalls tear. This would allow Jonathon to hang out of the stroller potentially pinching or 
injuring himself. Overall, safety concerns of the device are due to device failure and not issues 
during normal operation. The team conducted design analysis and manufacturing/testing plans 
that will keep the occurrence of these failures to a minimum. 
5.3 Maintenance and Repair Considerations 
As for maintenance of the stroller, the seat, leg abductor, and wheels are easily replaceable in 
case of damage or wear. Poli Maya, Jonathon’s father, has experience stitching other strollers 
and seats for Jonathon. He has his own material that he prefers to use for the fabric of the seat 
and cover the leg abductor. He also has his own foam that has been used for Jonathon’s other 
seats. Along with that, he is a great tailor. If the seat were to break, Poli can use the materials he 
already has to stitch it back together. If the tear or break in the seat is too complicated for Poli to 
repair, it is recommended that the stroller be taken to a professional tailor. Considering the leg 
abductor is foam covered, over time it may begin to distort. In the case of distortion, it is 
recommended that the fabric covering the foam be removed and the foam replaced and stitched 
back together. This may also be done by Poli or a professional tailor. In the case that the bearing 
assembly on the wheel fails, a new assembly would have to be purchased from eBay. If the weld 
between the horizontal bar and the base of the stroller breaks or cracks, then the stroller should 
be taken to a machine shop to be re-welded. Additionally, the back wheels of the stroller are 
pneumatic, so it is likely that those tires would need to be re-filled with a pump. When it comes 
to the frame, there is minimal maintenance required. In case the paint comes off the frame, the 
stroller can be re-spray painted. It is important that the frame remain coated to prevent rusting. 
These maintenance and repair considerations are discussed in the operators manual found in 
Appendix F. 
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6. Manufacturing   
After the design was chosen and analyzed, the team began manufacturing. The following section 
outlines the process used to procure the materials, manufacture, and assemble the leg abductor, 
seat, and front wheel assembly. Additionally, the project cost is presented and discussed with 
regards to the overall budget.  
6.1 Cost Analysis 
In Table 10, the cost of each component needed to manufacture Jonathon’s stroller is listed. The 
cost of outsourcing the welding and stitching is also included.  
 
Table 10. Project material procurement and cost. 
Item/Process Distributor Cost ($) 
Mesh Sidewall Quality Fabrics 21.50 
Harness Donated 0.00 
Fork Donated 0.00 
Nylock Nut Home Depot 1.00 
Horizontal Bar McMaster-Carr 22.35 
Wheel Assembly eBay 100.25 
Tubing Blocks Cal Poly Hangar 0.00 
Wood Block ACE Hardware 0.00 
Neoprene Foam Amazon 21.33 
Fabric Donated 0.00 
Foam/Wood Adhesive ACE Hardware 5.00 
Outsource Stitching Mitch’s Stitches 600 
Outsource Welding  Gentry Welding 0.00 
Rust-Oleum Spray Paint 
(Black) 
ACE Hardware 6.44 
 
Buckles (2) and Nylon 
Webbing (2 yrds) 
SLO Camp and Pack 1.81 
 Total Cost 779.68 
 
This cost table takes values from the Bill of Materials in Appendix G. The BOM contains 
information regarding location of the part in the full assembly along with the quantity of parts 
needed. As seen in the Table 10, most of the project cost lies in outsourcing the stitching of the 
seat and leg abductor. The budget for the project was not clear; however, it was once mentioned 
that the team had somewhere around $7,000 to work with. The total of $779.37 does not include 
testing materials, prototype materials, or excess charges. With all of the charges included, the 
total amount spent during this project came out to be ~$1200. Therefore, with all of the costs 
spent the project still fell well within the budget.  
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6.2 Material Procurement  
The team purchased most of the parts needed to build the design concept. Most of the purchases 
are hardware needed for the front wheel assembly. Some of these parts were ordered through 
McMaster-Carr and other parts were bought in person from various hardware stores as outlined  
in the material procurement tables split up in each sub section. Some materials used for 
manufacturing the leg abductor and the front wheel assembly were donated by the Aguayo 
family. All materials and parts were ordered by March 22, 2019 to ensure all the materials 
arrived before the start of spring quarter.   
6.2.1 Leg Abductor 
Table 11 shows all of the material used to manufacture the leg abductor and the harness along 
with the source of the material. 
 
Table 11. Materials for the leg abductor/safety subsystem. 
Item Distributor 
2”x 4” wood ACE Hardware, scrap wood pieces 
Neoprene Foam Amazon.com 
Foam-wood spray adhesive ACE Hardware 
Fabric Donated by Aguayo family 
 
Every material in Table 11 has been purchased and manufactured.  
6.2.2 Seat 
For the seat, the only material that was purchased was the mesh fabric used on the sidewalls of 
the seat. The cost of outsourcing to Mitch’s Stitches was much larger than the cost of material 
procurement. 
6.2.3 Front Wheel Assembly 
The only two components purchased for this sub assembly are the horizontal bar and the wheel 
assembly. The wheel assembly consists of the wheels, fork, bearing assembly, and mounting 
system in which was purchased from eBay. The horizontal bar purchased is Easy-to-Weld 4130 
alloy steel round tube with .035” wall thickness, 1” OD, and 3 feet in length. This stock tubing is 
found on McMaster-Carr, the distributor used for the project. Aside from these two purchased 
components/assemblies, Braeden Hammond also acquired 1” tubing blocks to secure the 
horizontal bar during drilling and welding. The hangar, a manufacturing shop on campus, has 
tubing blocks available for use; however, tubing blocks can also be purchased from Paragon 
Machine Works.  
6.3 Manufacturing Process 
After all the parts were ordered, the manufacturing process began. The team outsourced the seat 
of the stroller to Mitch’s Stitches. Mitch stitched two sidewalls of mesh, adjusted the harness, 
and stitched a cover for the leg abductor. The points of connection on the harness did not pass 
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our sizing test on Jonathon and the leg abductor fabric was stitched inside out. Therefore, our 
next steps of manufacturing are to resize Jonathon to the harness and outsource the stroller again 
to Mitch’s Stitches. As for the wheel system, Chris Gentry has welded the base of the wheels, 
and the wheels have been attached. The next step is to paint the wheel base or send it to get 
powder coated.  
6.3.1 Leg Abductor/Safety 
 
In this section the manufacturing plan for the leg abductor is explained in detail along with the 
materials that have been utilized. The original idea was that the team would use donated foam 
and cut it with a hot knife to cover the leg abductor. During the first round of manufacturing, 
Morley attempted to hot knife the donated foam and found that the hot knife is extremely toxic 
and does not cut precisely. Therefore, Morley found neoprene sponge foam on Amazon.com that 
can be cut precisely with hand held scissors. This made manufacturing more accurate and the 
final product more appealing. Table 12 shows the materials that were purchased to manufacture 
the final product leg abductor.  
 
Table 12. Leg abductor purchased materials and components. 
Item Distributor Purchase  
2”x 4” Wood (>3” long) ACE Hardware 
In store - ask employee for 
scrap wood 
15” x 60” x 3/8” thick 
neoprene sponge foam 
Amazon 
Online  
 
Fabric Mr. Maya Donation 
Spray adhesive ACE Hardware In store purchase 
 
The wood is a 2” x 4” block that is at least 3” long. At ACE Hardware, they have a bundle of 
scrap wood that is available to use for free. Notice the neoprene sponge foam is 15” x 60”. The 
foam does not need to be this large but does need to be 3/8” thick. The minimum surface area of 
the foam needs to be 40 in2. As for the fabric, Mr. Maya donated the fabric that he uses on 
Jonathon’s other devices. Any water-resistant stitch-able fabric may be implemented if donation 
is not an option. The fabric needs to have a surface area of at least 30 in2. Once all of the 
materials were purchased, Morley completed the manufacturing using the steps below: 
 
1. With a table saw, cut the block of wood to 0.5” x 3” x 3” 
2. With a 3” wide (minimum) band saw and belt sander to chamfer the front edges of the 
wood block 
3. With hand held scissors, cut neoprene sponge foam in rectangles with the following 
dimensions: 
a. 2” x 1”  
b. 3.75” x 2”  
c. 3” x 6.5”  
4. Locate the wood block and all neoprene sponge foam rectangles 
5. Spray the sides and front of the wood block with adhesive  
6. Wait ~3-5 seconds  
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7. Wrap and mend foam rectangle (c) to the sides and front of the wood  
8. Trim the edges of foam that extrude beyond the wood dimensions 
9. Spray adhesive on the top of the now foam wrapped wood  
10. Wait ~3-5 seconds 
11. Place and mend foam rectangle (b) to the top of the foam wrapped wood  
12. Trim the edges  
13. Spray adhesive on the back side of the foam-covered wood  
14. Wait ~3-5 seconds 
15. Place and mend foam rectangle (a) to the back side of the foam-covered wood  
16. Trim extruding edges of foam  
17. Bring fabric and fully foam covered (besides the bottom) leg abductor along to Mitch’s 
Stitches  
a. Mitch cut and stitched fabric around the leg abductor along with rectangular 
sheets as mentioned above  
b. Then, he stitched Velcro onto the rectangular sheets to allow for mending to the 
seat 
In order to complete the manufacturing steps, Morley used the tools depicted in Table 13. 
 
Table 13. Manufacturing machine/tools used to manufacture the leg abductor and harness. 
Machine/tool Process 
Table saw Cut wood to 2”x1”x4” 
Hand Scissors  
Cut foam to 3 rectangles with dimensions 
2”x1”, 3.75”x2”, and 3”x6.5” 
Sander  
Sand edges of wood block that will be facing 
Jonathon 
 
The table saw, hand scissors, and sander were used to manufacture the leg abductor block at the 
Cal Poly Machine shop. Then, it was outsourced to Mitch’s Stitches to get the fabric stitched 
over it and Velcro attached. The first time the team gave the leg abductor to Mitch for stitching, 
the fabric was stitched inside out, as shown in Figure 24.  
 
 
Figure 24. Leg abductor fabric cover after first round of outsourcing. 
Once the team notified Mitch of the fabric being stitched inside out, he offered to re-stitch it for 
free. Figure 25 shows the final leg abductor after outsourcing the second time.  
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Figure 25. Final leg abductor with fabric cover. 
Figure 24 shows the final product of the leg abductor. The team is appreciative of Mitch for the 
free of cost re-stitching. Then, the leg abductor was placed in the seat as explained in section 6.4. 
6.3.2. Seat 
Using their 20+ years of experience Mitch’s Stitches customized the process to perform the 
changes that were designed and requested. He used the Phifertex material seen in Figure 26, 
which was purchased from Quality Fabrics in San Luis Obispo.  
 
 
Figure 26. Phifertex Mesh used for the seat’s sidewalls. 
He was also responsible for attaching the harness as specified. The team visited Jonathon to get 
measurements on where to place the harness on the seat to properly secure him. The team 
provided Mitch with exact measurements after sizing Jonathon. Now the seat was read to be 
dropped off at Mitch’s for upholstery work. Mitch was tasked with stitching the new harness, the 
Velcro tracks for the leg abductor, and removing excess fabric on the backing of the seat. 
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The turnover time for this job was quite fast. Mitch completed the work in less than a week and 
all the modifications looked great as shown earlier in Figure 19. The sidewalls of the seat were 
replaced with the Phifertex Mesh. The Velcro tracks to secure the leg abductor to the seat was 
installed. After consulting with Mrs. Aguayo the reclinability of the seat was reduced to help 
with the center of gravity issues of the seat. Mitch stitched the extra fabric back so the seat’s 
recline ability is limited back and now the seat almost mimics a seat with rigid backing.  
 
But when the team had Morley sit in the seat, it was noted that the shoulder straps on the harness 
were quite low on her and needed to be refitted. So Reid and Morley visited to Greenfield to fit 
Jonathon to the harness once more. After that fitting, the seat was left with Jonathon’s father to 
redo the stitch work on the harness. His work and the results can be seen in section 7.3. 
6.3.3 Front Wheel Assembly 
 
 
Figure 27. Diagram of the steel base used to aid in manufacturing steps. 
1. The bottom of the frame was removed from the rest of the stroller.  
2. The paint was removed from the metal in the area covered by the red ovals in Figure 25. 
This was done using a sand blaster. The sandblaster was frequently clogging, so the 
remaining paint had to be removed using sand paper. A course grit of 80 was first used, 
and once most of the paint was removed, the sanding was touched up with 200 grit. This 
allowed thorough removal while still preserving the surface of the metal.  
3. Using a cold saw, the stock tubing was cut to the specified length of 14.5”. After the cut 
was completed, the edges/finish was improved by using a hand file and deburr.  
4. With calipers and a paint pen, Braeden Hammond marked 2 ½" down from the green line 
shown in Figure 25. Then, the SolidWorks unwrapped drawings found in Appendix H 
were cut and taped around the bar. The base (flat end) of the SolidWorks unwrapped 
drawing was placed and taped on the previously marked lines. The result of this step is 
seen in Figure 28. 
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Figure 28. SolidWorks Unwrapped drawings taped to the base of the stroller to prep for mitering 
5. The SolidWorks unwrapped drawings were used to guide the hand mitering of the base of 
the stroller. This was achieved by first using an angle grinder with a cut off wheel to cut 
the bars close to length. A Dremel with a burr was then used to grind the bars to the 
contour of the SolidWorks unwrapped drawings. A hand file was used to get the contour 
to the exact shape. The horizontal bar was continuously placed in the miters to check for 
proper fit. When there were gaps in between the horizontal bar and the miters, then a 
hand file was used to make the appropriate adjustments. The finished cut is shown in 
Figure 29.  
 
 
Figure 29. Base of the stroller after the mitering for the horizontal bar connection was 
completed. 
6. The cut 1” diameter tubing was placed into a tubing block. The tubing block was clamped 
to the table of drill press. Finding a way to clamp the tubing block such that the end of the 
bar wouldn’t flex during drilling was difficult. A Kurt vise, as seen in Figure 30, was 
used to aid with this issue.  
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Figure 30. A Kurt vise was used to hold the tubing block and horizontal bar in place in order to 
drill the holes for the wheel attachment.  
7. A ¼" diameter hole was drilled ½" from either end of the horizontal bar. The drilled holes 
were then deburred with a deburring tool and a wire wheel. The finished horizontal bar is 
seen in Figure 31.  
 
Figure 31. The horizontal bar ready to be welded to the miters on the base of the stroller. 
While using a Kurt vise to drill the helped to hold the bar in place, flexing still occurred. 
This lead to a hole that did not go straight through the bar. To still make this function 
with the design, the holes had to be enlarged with a larger size drill bit. It is 
recommended that two tubing blocks (with distance in between) should be used during 
step 6 and 7. 
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8. With holes drilled and mitering completed, the horizontal bar was outsourced for welding 
to Gentry Welding. It was requested that the horizontal bar be TIG welded, and the 
horizontal bar should be welded in a position that the axis of the drilled holes is parallel 
to the ground. After receiving the welded base and assembling the wheels, the team 
noticed that one wheel was slightly higher off of the ground. The team thinks that this 
was due to the bar not being completely horizontal to the ground when welded to the 
base. It is recommended that a jig is created to constrain the pieces to their proper 
geometry. The team solved the issue by adding washers (increasing the stack height) to 
the wheel that was off the ground.  
9. Once the wheel base assembly was welded, a coat of black hammered spray paint was 
applied.  
6.3.4 Minor Additions 
This section serves as a record of two additions the team made to the stroller late in the 
manufacturing process. These additions were not part of the final design, but after several weeks 
of using and transporting the stroller it became apparent how necessary they were. The first 
addition was a short buckling strap which prevents the stroller from unfolding when picking it 
up. The stroller did have a similar system, however it required several steps and a lot of bending 
over to accomplish. Figure 32, also found in Appendix F, demonstrates how simple the 
redesigned system is. 
 
 
Figure 32. Improved buckling system makes lifting the stroller much easier. 
Along with the transportation difficulties, the team also noted the poor performance of the lower 
basket. In order to remedy this a modular wall was constructed out of corrugated plastic and 
cotton fabric. Seen in Figure 33, the modular wall is black and consists of the four pieces of 
plastic sewn together. When unfolded and pushed against the sides of the existing basket they 
provide much more support and make the basket useable. 
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Figure 33. Top view of the existing basket and the new modular walls built by the team. 
In addition to these walls a strap with a buckle was attached across the top of the basket allowing 
it to be cinched together and hold items more effectively. 
6.4 Assembly 
After manufacturing and completed outsourcing work was completed, the final assembly was put 
together. The leg abductor/seat and front wheel assemblies are explained below. These are the 
steps the team took to assemble the final product.  
6.4.1 Leg Abductor and Seat 
To assemble the leg abductor and the seat, the steps below were taken.  
1. Slide the tabs on the leg abductor through the slots in the bottom of the seat 
2. Mend the leg abductor tabs to the Velcro underneath the bottom of the seat 
3. The mesh sidewalls and harness were assembled correctly during outsourcing 
6.4.2 Front Wheel Assembly 
To assemble the front wheel assembly, the steps below were taken. 
1. The wheel and mount assembly was placed onto the horizontal bar.  
2. The detent pin was pushed through the crescent half of the mount, then through the 
horizontal bar, and finally into the remaining half of the mount.  
3. With the mount in place, the halves were secured together using a hex wrench and the 
two provided hex bolts.  
4. Steps 1-3 were done for both mounts. 
7. Design Verification 
Jonathon’s stroller has been thoroughly tested before handing over to Jonathon’s family to use. 
Each subassembly went through a series of tests to ensure they pass the specifications and goals 
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of the project. Along with those individual subassembly tests, the final assembly was also tested 
to ensure the goals for the stroller are achieved or to see if any modifications are needed to 
ensure the delivery of the best quality stroller.  
7.1 Leg Abductor 
For the leg abductor, a size test and Velcro test were conducted, as referrenced in Appendix I. 
The sizing test was done with Jonathon and the leg abductor was placed in between Jonathon’s 
legs while he was sitting in the stroller, confirming the dimensions of the leg abductor and 
passing the test. Then, the Velcro test was conducted to make sure the strength of the Velcro that 
attaches the leg abductor to the seat is strong enough. This Velcro test was completed by two 
team members in their attempts to detach the Velcro using shear stresses. The team members 
were unable to break the Velcro attachment using shear stresses and therefore the test was a pass. 
Each test is thoroughly described in Appendix I. 
 
Test 6: Velcro Test  
The strength of the Velcro connecting the leg abductor to the seat was tested to ensure it can 
withstand any force Jonathon pushes on to it. The test location could be anywhere with a level 
floor and a stationary chair so the team conducted the test in Reid’s kitchen. Using the stationary 
chair the team created a mimic leg abductor using a piece of rigis foam. A 12 inch by 12 inch 
piece of carboard was secured to the chair with half a strip of Velcro placed in the middle. The 
other strip of Velcro was placed on the piece of rigid foam and the foam was the mimic leg 
abdcutor. Reid and Juan took turns sitting on top of the cardboard using their pelvis areas in an 
attempt to rip the Velcro off seat. The Velcro was incredibly strong. The only part that failed was 
the glue that was used to secure the Velcro strip to the foam.The foam ripped off the seat but the 
Velcro strips remained intact. After multiple runs from both Reid and Juan, the Velcro strips did 
not seperate once. So, the Velcro test resulted in a passing result. Since the force the Velcro 
encountered from Reid and Juan is far greater than any force that Jonathon will exert on the leg 
abductor, the team can continue with using Velcro tracks to secure the leg abducor to the seat.  
7.2 Front Wheel Assembly 
With changes to the front wheel assembly, various concerns regarding center of gravity, size, 
weight, and maneuverability had to be addressed through testing of the final stroller. These 
concerns are analyzed through the following tests that are also outlined in Appendix I.  
 
Test 1: Tipping Test 
 
This test ensured that the stroller can withstand a significant amount of weight on the handle bars 
,without tipping over, while Jonathon is seated in the stroller. This test took place on Cal Poly’s 
campus on a level surface. Morley sat in the stroller (team member closest to Jonathon’s weight) 
while Braeden pulled a force gauge hooked around the handle bars. After 3 trials, the average 
force the handle bars could withstand before tipping was 45.8 ± 0.8 lb. The uncertainty analysis 
for this test procedure can be found at the end of Appendix C. This test proves that it is safe for 
Mrs. Aguayo to hang up to 40 lb. off the handlebars.  
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Test 2: Volume Test 
 
This test ensured that the stroller fit in Mrs. Aguayo’s car trunk. Shown in Figure 29 is the folded 
stroller placed in Mrs. Aguayo’s trunk. When the back wheels are removed, the test is a pass, as 
shown in Figure 32.  
 
Figure 34. Folded stroller in the trunk of Mrs. Aguayo’s Chrysler. 
This test took place outside of Jonathon’s school with Mrs. Aguayo. She was pleased that the 
stroller fits in the trunk of her car and there is still room for groceries and other personal 
belongings.  
 
Test 3: Weight Test 
 
This test was completed using 1 person, a typical household scale, and the manufactured stroller. 
First, Braeden Hammond’s weight was measured, and then he stepped onto the scale again while 
holding the stroller. The resulting difference in weight was 30.5 lb. This weight is substantially 
underneath the goal weight of 40 lb. resulting in a pass. No issues were encountered when 
carrying out the test. 
 
Test 9: Maneuverability Test 
 
This test was designed to assess the improvement in performance of the stroller due to the 
addition of the new caster wheels. A small obstacle course designed around typical maneuvers 
and obstacles Jonathon and Nina come across, was constructed and impartial testers were asked 
to guide the stroller through it. Figure 30 shows the setup of the course using thirteen cones. 
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Figure 35. Set-up of cones. Cones were constructed with each node being at 4-foot intervals. 
Arrows indicate path taken by the participant. 
The most notable difficulty in this test was explaining the course to participants and subsequently 
determining whether or not that had successfully completed the obstacles. In most cases it was 
doable but due to the space between the cones it was hard to tell if each participant would have 
been equally comfortable performing the same maneuvers in a tight walled-in area. 
 
Despite the difficulties performing the test it was definitively determined that the added caster 
wheels greatly improved stroller mobility. Without a doubt they allowed for much tighter turns 
to be made and never required the stroller to be tipped backward off the ground in order to be 
turned. 
7.3 Seat Modifications 
The final aspect of verifying the design entailed checking the effectiveness of the seat 
modifications. Primarily this related to the harness and the new stitching which is attached to the 
seat. As outlined in Appendix I a strength test was done by leaning against the harness and 
feeling for any give or possible tears. This was done in conjunction with a review of the new 
sidewalls. As with the harness, a visual inspection was performed to confirm the stitching has 
been done and then a group member sat in the seat to test its strength. 
 
Test 4: Folding Test 
 
Testing for this had been an ongoing process throughout the design phase. Our structural 
prototype revealed an initial flaw which was corrected with the leg abductor redesign. Now that 
the final assembly has taken place it can be seen all new components fit nicely into the original 
design of the stroller. None of the new modifications interfere with the folding mechanism of the 
stroller.  
 
Test 7: Load Capacity 
 
The stroller is intended to be used by the Aguayo family for years to come. Jonathon will be 
growing and is expected to be around 120 pounds at the most in the future. So any seat 
modifications need to be able withstand 120 pounds of force to ensure that the stroller can be 
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used safely in the future. But the team decided to up the weight requirement to 150 pounds to 
fully ensure that all the seat modifications will easily withstand the initial 120 pound 
requirement.  
 
This test was conducted once all the seat modifications (leg abductor and mesh sidewalls) were 
completed. The test was conducted at the high-bay of the Bonderson Building on Cal Poly’s 
campus. The high-bay has a level concrete surface which was needed for the test. Reid and 
Morley were the team members that sat in the stroller to mimic Jonathon. The team engaged the 
rear brake of the stroller to ensure the stroller would not move during the test. Then the team 
secured Reid or Morley into the harness of the seat. Once those steps were completed Reid and 
Morley were instructed to move erratically and to mimic Jonathon’s planking motion in an 
attempt to escape the harness. This was to see the strength of the stitch work of the harness and 
the rigidity of the leg abductor. They were also instructed to use their elbows in attempt to see if 
the mesh side walls could be easily ripped through. Reid and Morley each did multiple run 
throughs.  
 
The leg abductor, the harness, and the mesh sidewalls remained intact through all the test runs. 
Mitch from Mitch’s Stitches and Poli Maya both did a great job with the upholstery work on the 
seat. All the upholstery work is quite strong and will last for years to come.  
 
Test 8: Restraint Test 
 
Similar to the load capacity test, this was an effort to ensure that Jonathon would not be able to 
force his way out of the stroller. Setup was simply finding a level area where team members 
could be strapped into the stroller and then try to escape by wriggling and pulling against the 
new harness. 
 
Morley sat in the seat first and the team was amazed to watch as the harness held against her 
bucking not just backward and forward, but side to side as well. Reid then tried, achieving the 
same result. It was also noticed that during the testing one of the team’s concerns from early in 
the project about the back of the stroller being able to flop forward was a non-issue. When both 
Reid and Morley leaned their full weight forward the seat back did move with them, but the 
harness stayed firmly in place. The seat and new harness held up to aggressive impacts and 
straining without so much as a creak or a groan. The team is confident that it will endure the test 
of time as Jonathon and Mrs. Aguayo put it to use. 
 
 
 
Test 5: Sizing Test 
 
This test ensured that the harness and leg abductor fit Jonathon correctly. Reid brought the 
stroller to Greenfield for the first test. This test failed because the attachment of the shoulder 
straps on the harness made the harness too long for Jonathon’s torso. A second trip up to 
Greenfield was made in order to eliminate guesswork and ensure the harness would get 
positioned properly.  Figure 34 shows Morley and Reid holding the harness in an appropriate 
position. 
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Figure 36. Shoulder strap repositioning relative to Jonathon. 
During the visit Morley and Reid decided to outsource the seat to Poli Maya for re-stitching. He 
is an associate of Mrs. Aguayo and talented seamster. Additionally, he was able to meet with 
Jonathon in person in order to get a perfect fit. The team felt that the error on the first attempt 
with Mitch’s Stitches was due to their inability to provide effective information. With Poli doing 
the second sizing test, Mrs. Aguayo put Jonathon in the stroller and sent the team confirmation 
that the sizing test was a pass. 
8. Project Management 
In order to keep the project organized and to ensure that each team member was aware of 
deadlines and tasks that needed to be done, the team used a couple different resources. The main 
resource utilized was the Gantt chart. Gantt charts allow people to assign tasks to members and 
link each task to others that depend on each other. This way, each member could visualize a 
year-long project management template and see how each task effects the next one. Considering 
the Gantt chart is over the entirety of the year, other organization techniques were also utilized 
for smaller periods of time. Each team meeting, the team members would go over what each 
person needs to focus on before the next meeting. These tasks were written down in team 
members’ logbooks. Towards the end of the year, a calendar was implemented for the last month 
so that it was easier to see the final tasks that need to be done in a smaller time frame. Now that 
everything is completed, it was found that it is very important to have short timeline management 
and long-term management that everyone in the team understands and has access to. 
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8.1 Key Deliverables and Timeline 
Along with bi-weekly updates with the sponsor and advisor meetings, the team produced reports 
for two separate design reviews and a manufacturing review. These milestones appear in the 
Gantt chart alongside a multitude of tasks required to reach said milestones. See the Gantt chart 
in Appendix J for a long-term timeline and project progression. Table 14 is a condensed version 
of the dates for each major milestone or deliverable report.  
 
Table 14. Key deliverables and timeline. 
Deliverable Date of Completion Completed 
Scope of Work 10/19/18 ✅ 
Preliminary Design Review 11/16/18 ✅ 
Critical Design Review 2/8/19 ✅ 
Manufacturing and Test 
Review 
3/14/19 ✅ 
Hardware Demo 4/25/19 ✅ 
Final Design Review 5/30/19 ✅ 
 
Now that the final design review is complete, included in section 9 is a final wrap up of the 
conclusions that came out of the project and further recommendations on components that may 
still be added to the stroller if Mrs. Aguayo choses to do so. 
9. Conclusion & Recommendations 
This document serves to identify the steps taken to complete the final design of Jonathon’s 
stroller. The project began in the fall of 2018 and was completed in the spring of 2019.  First, the 
team conducted customer research where Mrs. Aguayo was interviewed to gain an understanding 
of her needs, and the team visited Jonathon’s home to explore the current products that he uses. 
Current products were also researched that met certain needs of Mrs. Aguayo. From this 
research, the scope of work was clearly identified and the team began ideation. It is important at 
this stage to keep possibilities broad in case they end up sparking solutions that are feasible. 
Ideation came to an end as the team found an initial design direction by focusing in on a handful 
of the most promising solutions.  
 
At first, the design direction focused on reclinability along with the sponsor’s other needs. After 
ideation and creating a prototype for reclining the stroller, the team realized that creating a safe, 
reclinable stroller better than the donated stroller already implements might be outside of our 
expertise. Therefore, reevaluated with Mrs. Aguayo and came to a consensus that the reclining 
aspect of the stroller is outside of our scope of work. That was the major change to our scope of 
work, everything else remained fairly consistent.  
 
Once the team refocused the design direction, the project was split up into three subsystems; 
wheels, seat, and safety constraints. The safety constraints are the leg abductor and harness that 
keep Jonathon in the stroller. For the wheels, Braeden designed a four wheel-base with caster 
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wheels to improve maneuverability and shorten the length of the wheel base. The chosen design 
for the wheel subsystem includes the wheel system ordered from eBay, as touched on in the final 
design section. For the seat, Reid and Juan chose to have mesh side walls implemented and slots 
for the leg abductor to slide into on the bottom of the seat. As for the safety subsystem, Morley 
designed a leg abductor that consists of a wood block covered with neoprene foam and fabric. 
The fabric has Velcro on the flaps, shown in the final design section, so that it can be attached to 
the bottom of the seat. The harness is the donated butterfly harness from the Aguayo family and 
will be outsourced to be stitched onto the straps of the donated Axiom stroller.  
 
During manufacturing, there was a mixture of team member completion and outsourcing. The 
manufacturing that the team took care of was cutting and mitering the wheel base and building 
the leg abductor. The initial plan for the leg abductor was to cut foam with a hot knife. The hot 
knife turned out to be toxic and inaccurate. After attempting this manufacturing step, Morley 
redesigned the leg abductor to be covered with neoprene foam that could be cut with hand 
scissors. After completing the leg abductor and alterations to the wheel base, the frame was 
outsourced to Gentry Welding and the seat and leg abductor were outsourced to Mitch’s Stitches. 
The welding went great and was free of charge. However, the leg abductor fabric was stitched 
inside out so we outsourced the leg abductor once more to Mitch’s Stitches and the second time 
around came out just like the team wanted. After manufacturing, the team moved on to testing.  
 
The team conducted nine tests to verify the design. The tests are explained in greater detail in the 
design verification section of this document. All of the tests passed the first round with the 
exception of the sizing test. This test verified that the seat accessories (i.e. harness and leg 
abductor) fit Jonathon but were improperly positioned. Morley and Reid visited Jonathon at 
school and realized the harness needed to be repositioned. Instead of outsourcing, Morley and 
Reid elected to give the seat to Poli Maya for stitching the second time around. Mr. Maya did a 
great job and the final harness is with thanks to his upholstery. After outsourcing to Mr. Maya, 
every design verification test was a pass. Some aspects that stood out during testing were the 
weight of the stroller and the tipping force. The weight of the stroller is now 30.5 lb while 
Jonathon’s old stroller is around 50 lb. The tipping force required to tip the stroller over with 
Morley sitting in it is 46 lb. Before alterations to the Axiom stroller, it took around 15 lb to tip 
the stroller over with Morley in it. Therefore, the team significantly improved the weight of the 
stroller and tipping force in comparison to Jonathon’s old stroller and the initial condition of the 
Axiom stroller, in addition to meeting the rest of Mrs. Aguayo’s needs.  
 
There is only one concern about the final product of the stroller. That is the maneuverability of 
the wheels. Without anyone sitting in the stroller, one of the wheels is free to spin. This could be 
a result from a handful of causes. The wheel constructions might be different heights or the cross 
bar on the wheel base could be welded slightly crooked. It could even be caused by  
When Morley is sitting in the stroller the problem is less apparent and the team is confident it 
will not be an issue for Mrs. Aguayo and Jonathon. However, this is a design concern.  
 
If the team were to conduct this project again, a major change would be the manufacturing on the 
wheelbase. The difficulty of making all the components square without a naturally flat datum on 
the stroller to reference was immense. To combat this a more comprehensive set of jigs to both 
drill and weld would be designed. Likely this would mimic a bike frame jig by using a large 
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machined surface and tubing blocks to positively locate and secure the critical aspects of the 
stroller frame. Utilizing softer wheels would also provide some forgiveness in the wheel 
alignment and make any discrepancy practically unnoticeable. Other than that, the project ran 
pretty smoothly. Organization tactics could have been more consistent, but the tools used for 
organization were great.  
 
Next steps could include personalizing the seat fabric to something related to Marvel, 
considering Jonathon’s love for Marvel. Also, the basket in the stroller is not completely rigid so 
stitching in sidewalls on that could be something to do by Mr. Maya. Mrs. Aguayo also 
mentioned that Jonathon may not need the leg abductor in the near future so another alteration 
that could be made is removing the leg abductor and stitching the seat slots back together. The 
team is aware that Mrs. Aguayo has added personalized accessories to Jonathon’s current stroller 
so of course those same accessories may be attached to the new stroller.  
 
Morley, Reid, Braeden, and Juan can’t wait to see Jonathon using his new stroller and are excited 
to see any alterations that Mrs. Aguayo may choose to make to the stroller. It was a pleasure 
working with the Aguayo family and the team wishes them all the best.  
 
 
Figure 37. That’s a wrap! 
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Appendix B - Benchmarks for Current Products 
 
 
  
Product Weight
Number of 
Steps to 
Fold
Folded 
Dimensions
Angle from 
Seat to 
Backrest
Load 
Capacity
Product 
Lifetime
Number 
of Pinch 
Points
Static 
Friction 
Test
Jonathon's 
Reaction
Front 
Wheel 
Degrees of 
Rotation
Our Current 
Stroller
5 1 2 0 5 5 2 3 n/a 0
Nina's Convaid 
Stoller
0 5 0 5 5 5 2 3 n/a 4
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Appendix C – Final Design Supporting Calculations and Analyses 
Hand Calculations completed to verify the strength of the welds, bar stock on the horizontal bar 
used in the front wheel assembly, and uncertainty analysis for test procedure 1: 
 
Bending Failure and Deflection Analysis: 
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Weld Strength Analysis  
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Uncertainty analysis conducted on test procedure 1 
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Appendix D-1 – Design Hazard Checklist 
 
  
   
 
A - 10 
 
Appendix D-2 – Design Hazard Checklist 
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Appendix E– Failure Modes and Effects Analysis 
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Appendix F – Operator’s Manual 
 
 
Jonathon’s Lightweight Stroller 
 
 
Operator’s Manual 
 
 
Contributors: 
Morley Perrin 
Braeden Hammond 
Reid Bartels 
Juan Rodriguez 
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Wheels 
There are two topics regarding the usage of the wheels on the stroller. These include filling the 
back wheels with air and protecting the structural integrity of the front wheel assembly.  
How to re-pressurize the back wheels: 
Tools/Equipment necessary: Standard bike pump with Schrader valve 
1. Unscrew the cap from the valve on the tire. See Figure 1 to aid in locating the valve cap.  
 
Figure 1. Location of the valve cap on the pneumatic back wheels. 
2. With the lever on the bike pump down, press the head of the bike pump onto the valve on 
the wheel (Figure 2). With the head of the pump secured, lift the lever on the head of the 
pump   
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Figure 2. Pictured is placing the head of the pump on the valve.  
3. Lifting and pushing down on the handles of the pump, pressurize the tire to 30 psi.  
4. Press down on the lever on the head of the pump, remove the head, and reinstall the valve 
cap. 
Note: If you get to step 3 and air does not seem to be entering the tire, then repeat step 2 in 
order to properly locate and secure the pump onto the valve.  
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Engaging the brake on the rear wheels: 
1. With the stroller at a complete stop, with your foot, press down on the bar shown in 
Figure 3 to engage the brake.  
 
Figure 3. Location of the bar that engages the rear wheel brake. 
Note: If the bar does not initially engage into the brake, then rock the stroller forward and 
back while pressing down on the bar.  
Protection of the front wheel assembly: 
The front wheel assembly was designed to sustain loadings of 200 lbs. To avoid damage to the 
front wheel assembly, no weight exceeding this should be placed on the horizontal bar that the 
front wheels are attached to.  
Warning! Do not step on, or place heavy objects on, the horizontal bar that the front wheels are 
attached to. 
  
   
 
A - 16 
 
Handling for Transportation 
Transportation of the stroller has been streamlined by its ability to collapse. This section outlines 
the steps to safely collapse the stroller and how to maneuver it once it has been folded up.  
Folding and Unfolding the stroller: 
Prior to folding the stroller, make sure you are on relatively level ground and everything / 
everyone has been removed from the seat and basket. There are many pinch points during this 
process so make sure to keep your hands and other appendages only at the engagement points 
identified in the instructions.  
1. Engage rear wheel brake. 
2. Steady the stroller with your right hand on the handlebar and squeeze the lever on the left 
side of the stroller. 
3. As you push forward with your right hand and allow the stroller to fold forward into its 
collapsed position release the lever, moving your left hand out of the way. 
4. Locate the buckle and strap on the right side of the stroller as shown in Figure 4 
5. Loop the strap under the bar that is directly beneath the buckle as shown in Figure 4 
6. Connect the buckle to the strap this will allow transportation of the stroller. This will 
prevent the stroller from reverting back to its unfolded position 
                 
Figure 4. Buckle and strap location on the stroller (shown left) and buckle strap when engaged 
(shown right) 
Loading and Unloading the Stroller: 
Loading and unloading the stroller into a car trunk should be done with caution to avoid injury.  
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1. Bend at the knees to grab the stroller with both hands. Place one hand on either side of 
the stroller to keep it balanced. 
2. Keeping your core tight, lift the stroller 
3. Carefully place it in the trunk 
 
Leg Abductor Adjustment and Replacement 
The leg abductor was manufactured so that it can be adjusted forwards and backwards along the 
seat to best fit Jonathon. To do this, use two hands to detach the Velcro underneath the seat of 
the stroller, as shown in Figure 5.  
 
Figure 5. Detaching Velcro to aid in leg abductor adjustment. 
Once the Velcro is detached, the leg abductor is free to move forwards and backwards. Move the 
leg abductor to the preferred position and then reapply the Velcro in the same manner it was 
detached. If the leg abductor deforms at any point from natural causes such as water damage or 
breaks for any other reason, detach the Velcro, lift the leg abductor off the seat, and take out the 
foam-covered wood block, as shown in Figure 6.  
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Figure 6. Foam covered wood replacement for leg abductor. 
When the leg abductor is removed, it can be easily replaced with a same size leg abductor. 
Follow the manufacturing steps found in the final design report (Pgs. 46-47) to build a new leg 
abductor and then insert back in the pouch, place sleeves through the slots in the bottom of the 
seat and re-attach the Velcro.  
Warning! Do not insert an item that is not the leg abductor into the sleeve. This cause discomfort 
for the rider and can potentially damage the sleeve.  
General Use  
The rider of the stroller shall not exceed 150 lbs. Any riders over 150 lbs. will cause excessive 
wear, and stress on the stroller and could create unstable conditions.  
Stroller is to be used only at walking speeds. Stroller is not intended for use while jogging, 
skating, etc.  
Never allow the stroller to be used as a toy. Avoid any jerk, shake, or erratic movements while 
pushing.  
Avoid serious injury from falling or sliding out. Always secure the rider with the harness.  
To prevent a hazardous, unstable condition do no place more than 15 lbs. on the handlebar.  
The parking should be engaged when the stroller is stopped and for placing and removing the 
rider. 
Never use stroller on stairs or escalators. One may lose control of the stroller or the rider may fall 
out. Use extra care when moving over a step or a curb.  
Discontinue use of the stroller if parts have become damaged or broken.  
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Appendix G – Bill of Materials 
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Appendix H-1 – Drawing Package 
Full Stroller Assembly  
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Appendix H-2 – Front Wheel Assembly 
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Appendix H-3 – Front Wheel Assembly (Exploded View) 
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Appendix H-4 – Front Wheel Mount 
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Appendix H-5 – Leg Abductor Assembly 
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Appendix H-6 – Wood Block 
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Appendix H-7 – Foam Core 
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Appendix I – Design Verification Plan 
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Appendix J – Gantt Chart 
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Appendix K-1 – Product Pages 
Phifertex Mesh for the Seat’s Sidewalls 
 
 
Picture taken at the vendor of the mesh, Quality Fabrics in San Luis Obispo, CA 
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Appendix K-2 – Aluminum Stock for Front Wheel Mount  
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Appendix K-3 – Caster Wheels 
  
 
Quickie caster wheel with horizontal bar mount purchased off of eBay. Typical use is for 
Quickie wheelchairs.  
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Appendix K-4 – Neoprene Foam 
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Appendix K-5 – 3M Adhesive 
 
 
 
